Total synthesis of spider toxins HO-416b (1) and Agel-489 (2) was accomplished using the 2-nitrobenzenesulfonamide (Ns) group as both a protecting and activating group. In this strategy, the C-N bonds were constructed by alkylation of sulfonamides with alkyl halides or Mitsunobu reaction with the corresponding alcohol. Beginning with monoprotection of the symmetrical diamine, the construction of the backbone from diamine 3 was efficiently accomplished in 7 steps for 14 and 9 steps for 29. Removal of the Ns group while the substrate was attached to a novel solid support enabled the efficient isolation of this highly polar compound.
Polyamine toxins derived from spider venom have been shown to be specific glutamate receptor blockers. 1) They are expected to be useful as tools for studying neurophysiology and as lead structures for pharmacological and agrochemical agents. Although many synthetic studies of these compounds have been reported, 2) there are still few versatile syntheses of sequential secondary amines.
3) Recently, we reported an efficient method for the construction of secondary amines using the Ns group as a protecting and activating group. 4) We envisioned that this protocol would provide an efficient synthetic route to polyamine toxins. Described herein is our practical total synthesis of the polyamine spider toxin HO-416b (1) 5) and Agel-489 (2).
6)
Monoprotected diamines seemed to be ideal starting materials for incorporation into a polyamine chain. Selective protection and purification of diamines is reported to be difficult 7) ; however, the Ns group provided good results. Thus, treatment of 1,3-diaminopropane with 2-nitrobenzenesulfonyl chloride, followed by neutralization with NaOEt afforded the monosulfonyl adduct 3 in high yield. This procedure was applied to other diamines to provide 4 and 5. We used these compounds as the key building blocks in our total synthesis of 1 and 2.
The synthesis of 1 began from monoprotected diamine 3. Treatment of 3 with Boc 2 O and selective alkylation with 1,3-dibromopropane afforded bromide 7. Sulfonamide 9, readily obtained from 3-aminopropanol (8) , was converted to the right-hand triamine 10 by treatment with 7 and Cs 2 CO 3 . The left-hand fragment 13 was obtained by condensation of 3-indoleacetic acid (12) and 4 under mixed-anhydride conditions. Although the two sides can be coupled under Mitsunobu conditions, we chose the conventional alkylation methods to simplify the purification of alkyl adduct 14. Conversion of alcohol 10 to the iodide 11 was performed by mesylation and iodide displacement. Upon treatment with 11 and Cs 2 CO 3 , the sulfonamide 13 underwent smooth alkylation to provide 14. Subsequent removal of the Boc group under acidic conditions gave the primary amine 15.
Solid phase supports have proven effective as tools for the isolation of highly polar compounds, making their use in our final deprotection attractive. Initial attempts to load 15 onto a commercially available 2-chlorotrityl chloride resin were inefficient. We thus planned to prepare the novel resin 16. This resin would be more reactive since a phenol unit separated the bulky polystyrene support from the reactive site and an alkoxy group stabilized the trityl cation. Treatment of Merrifield resin with p-hydroxytrityl alcohol 8) and K 2 CO 3 , followed by reaction with SOCl 2 , afforded the desired resin 16 (Chart 3). This resin could be recycled by treatment with SOCl 2 : CH 2 Cl 2 (1 : 9) after cleavage of the substrates.
Linkage of Ns-protected HO-416b 15 to the resin 16 was induced by i-Pr 2 NEt (Chart 4). Upon treatment of the resin with 2-mercaptoethanol and DBU, the Ns groups were removed. 9) Cleavage from the resin under acidic conditions (1% TFA/CH 2 Cl 2 ) and evaporation of the solvent provided 1 without the need for any chromatographic purification (Chart 4).
1 H-and (2), isolated from the venomous spider Agelenopsis apearta. The key structural feature of 2 is a hydroxylamine-containing polyamine chain. Because of the inherent instability of secondary hydroxylamines, we planned to generate this functionality late in our synthesis. Although several methods have been reported for the transformation, 10) we planned to construct this group by oxidation of a 2-cyanoethylamine and subsequent elimination of acrylonitrile by retro-Michael re-action. 11) We would assemble the backbone 2 by coupling the cyanoethylamine 23 with the spermine derivative 27.
The left-hand fragment 23 was obtained by an efficient 6-step synthesis (Chart 5). Condensation of 3-indoleacetic acid (12) and diamine 3 under mixed-anhydride conditions provided the sulfonamide 17. Bromide 18, readily obtained from 3-bromopropanol, was converted to a precursor of 19 by treatment with 17 and Cs 2 CO 3 . Protection of the indole 19 with Boc 2 O and selective removal of the Ns group with thiophenol 3a) yielded amine 21. Upon treatment with acrylonitrile, the amine 21 underwent smooth cyanoethylation. Removal of the TBS group gave the primary alcohol 23.
The protected spermine derivative 27 was also synthesized from the monoprotected diamine 3 (Chart 6). Selective alkylation of 6 with 1,3-dibromopropane afforded bromide 24. Sulfonamide 25, readily prepared from diamine 3, was converted to the tetraamine 26 by treatment with 24 in the presence of Cs 2 CO 3 . A change of protecting groups from NAlloc to Ns provided sulfonamide 27.
Condensation of primary alcohol 23 and sulfonamide 27 was accomplished under Mitsunobu conditions. Treatment of 23 and 27 with DEAD and triphenylphosphine provided hexamine 28. Upon treatment of cyanoethylamine 28 with m-CPBA, smooth oxidation and retro-Michael reaction gave hydroxy amine 29. Subsequent removal of the Boc group with TFA afforded the primary amine 30. A similar treatment to that used for the Ns deprotection of HO-416 provided the natural product 2 (Chart 7).
1 H/
13
C NMR spectra and tandem FAB MS-MS spectroscopy data of synthetic 2 were identical with those of naturally occurring Agel-489.
In conclusion, utilizing the 2-nitrobenzenesulfonamide (Ns) group as both a protecting and activating group (Nsstrategy), the total synthesis of 1 was accomplished in 11 steps and 41% total yield, while the total synthesis of 2 was achieved in 12 steps and 31% yield. In both cases, efficient monoprotection of symmetrical diamines allowed very short syntheses. All C-N bond formations were accomplished in high yield by alkylation of 2-nitrobenzenesulfonamides. Finally, removal of the Ns group while the substrate was attached to a novel solid support enabled the efficient isolation of these highly polar compounds.
Experimental
General Comments IR spectra were recorded on a JASCO FT/IR-410 spectrophotometer. Nuclear magnetic resonance. 
7-tert-Butoxycarbonylamino-4-(2-nitrobenzenesulfonyl)-4-azaheptan-1-yl Bromide (7)
To a stirred solution of 3.57 g (25.8 mmol) of potassium carbonate in 4.3 ml (43 mmol) of 1,3-dibromopropane was added slowly the crude diamine 6 in 10 ml of DMF at 60°C under an argon atmosphere. After 1 h, the reaction mixture was poured into water, and the aqueous layer was extracted thoroughly with ether (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (20% ethyl acetate in hexane) yielded bromide 7 (3.27 g, 97%) as a yellow oil. 
3-(2-Nitrobenzenesulfonylamino)propan-1-ol (9)
To a stirred solution of 1.54 g (20.5 mmol) of 3-aminopropanol in 50 ml of dichloromethane were added 3.48 g (15.7 mmol) of 2-nitrobenzenesulfonyl chloride and 1.48 ml (17.3 mmol) of pyridine at 0°C under an argon atmosphere. After 10 min, the reaction mixture was poured into a solution of 1 N hydrochloric acid, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to give amino alcohol 9 (4.04 g, 99%) as a white solid. IR (CHCl 3 ) 
11-tert-Butoxycarbonylamino-4,8-bis(2-nitrobenzenesulfonyl)-4,8-diazaundecan-1-ol (10)
To a stirred solution of 310 mg (1.19 mmol) of amino alcohol 9, 800 mg (1.67 mmol) of bromide 7, and 1.16 g (3.58 mmol) of cesium carbonate in 4 ml of acetonitrile was added a catalytic amount of n-tetrabutylammonium iodide (88 mg, 0.24 mmol) at 60°C under an argon atmosphere. After 90 min, the reaction mixture was poured into brine, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (80% ethyl acetate in hexanes) yielded alcohol 10 (675 mg, 86%) as a yellow oil. IR (CHCl 3 ) 
11-tert-Butoxycarbonylamino-4,8-bis(2-nitrobenzenesulfonyl)-4,8-diazaundecan-1-yl Iodide (11)
To a stirred solution of 1.98 g (3.00 mmol) of alcohol 10 in 10 ml of dichloromethane were added 0.50 ml (3.61 mmol) of triethylamine, and 0.28 ml (3.61 mmol) of methanesulfonyl chloride at 0°C under an argon atmosphere. After 10 min at room temperature, the reaction mixture was poured into a solution of 1 N hydrochloric acid, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to give crude mesylate which was used in the subsequent step without purification.
To a stirred solution of 2.20 g (2.98 mmol) of mesylate in 20 ml of 2-butanone was added 1.34 g (8.94 mmol) of sodium iodide at 60°C under an argon atmosphere. After 1 h, the reaction mixture was poured into water, and the aqueous layer was extracted thoroughly with ether (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to give the iodide 11 (2.28 
N-[4-(2-Nitrobenzenesulfonyl)aminobutan-1-yl]-1H-indole-3-acetamide (13)
To a solution of 1.08 g (6.16 mmol) of indole-3-acetic acid in 15 ml of dichloromethane were added 0.94 ml (6.78 mmol) of triethylamine and 0.83 ml (6.78 mmol) of pivaloyl chloride at 0°C under an argon atmosphere. After 3 min at room temperature, the reaction mixture was cooled at 0°C. To the above stirred solution was added 2.07 g (8.01 mmol) of diamine 4, 0.94 ml (6.78 mmol) of triethylamine and 76 mg (0.62 mmol) of 4-dimethylaminopyridine (DMAP). After 10 min at room temperature, the reaction mixture was poured into a solution of 1 N hydrochloric acid, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel, eluted with a gradient of ether in hexane (50 to 70%), furnished sulfonamide 13 ( 55 mmol) of iodide 11, and 977 mg (3.00 mmol) of cesium carbonate in 6 ml of acetonitrile was added 430 mg (1.00 mmol) of sulfonamide 13 at 60°C under an argon atmosphere. After 1 h, the reaction mixture was poured into brine, and the aqueous layer was extracted thoroughly with ethyl acetate (3ϫ). The combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (80% ethyl acetate in hexanes) yielded polyamine 14 (1.01 g, 94%) , and then dried in vacuo for 8 h to give the resin. To a suspension of the above resin in 1.5 ml of DMF was added 0.140 ml (2.00 mmol) of 2-mercaptoethanol and 0.30 ml (2.00 mmol) of DBU at room temperature under an argon atmosphere. After shaking for 26 h, the resin was filtered, washed with H 2 O : THF (1 : 9), MeOH : CH 2 Cl 2 (1 : 9), and CH 2 Cl 2 and dried in vacuo for 8 h to give the resin. To a mixture of the resulting resin in 2.5 ml of CH 2 Cl 2 was added 25 ml (0.324 mmol) of TFA at room temperature. After shaking for 5 min, the resin was filtered and washed with MeOH : CH 2 Cl 2 (1 : 9). The combined washings were evaporated and dried in vacuo to provide 1 (25.5 mg, 68%) as the TFA salt. 1 
N-[3-(2-Nitrobenzenesulfonyl)amino-propan-1-yl]-1H-indole-3-acetamide (17)
To a stirred solution of 1.08 g (6.16 mmol) of 3-indoleacetic acid in 15 ml of dichloromethane were added 0.94 ml (6.78 mmol) of triethylamine and 0.83 ml (6.78 mmol) of pivaloyl chloride at 0°C under an argon atmosphere. After 3 min at room temperature, the reaction mixture was cooled at 0°C. To the above stirred solution was added 0.94 ml (6.78 mmol) of triethylamine, 2.07 g (8.01 mmol) of diamine 3 and 76 mg (0.62 mmol) of 4-dimethylaminopyridine. After 10 min at room temperature, the reaction mixture was poured into a solution of 1 N hydrochloric acid, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel, eluted with a gradient of ether in hexane (50 to 70%), furnished sulfonamide 17 (2.43 3-tert-Butyldimethylsilyloxypropan-1-yl-bromide (18) To a stirred solution of 2.95 g (21.2 mmol) of 3-bromopropan-1-ol in 3 ml of dichloromethane were added 4.16 g (27.6 mmol) of t-butyldimethylsilyl chloride and 4.82 ml (27.6 mmol) of N,N-diisopropylethylamine at 0°C under an argon atmosphere. After 20 min at room temperature, the reaction mixture was poured into water, and the aqueous layer was extracted thoroughly with hexane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (hexane) yielded silyl ether 18 (4.40 g, 83%) N-(7-tert-Butyldimethylsilyloxy-4-(2-nitrobenzenesulfonyl)-4-azaheptan-1-yl)-1H-indole-3-acetamide (19) To a stirred solution of 3.10 g (7.45 mmol) of sulfonamide 17, 7.28 g (22.3 mmol) of cesium carbonate and 1.37 g of (3.73 mmol) n-tetrabutylammonium iodide in 10 ml of acetonitrile was added slowly 1.89 ml (8.20 mmol) of bromide 18 at 60°C under an argon atmosphere. After 90 min, the reaction mixture was poured into water, and the aqueous layer was extracted thoroughly with ethyl acetate (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. N-(7-tert-Butyldimethylsilyloxy-4-azaheptan-1-yl)-1-tert-butoxycarbonyl-indole-3-acetamide (21) To a stirred solution of 1.11 g (1.61 mmol) of indole 21 and 2.62 g (8.06 mmol) of cesium carbonate in 5 ml of acetonitrile was added 0.33 ml (3.22 mmol) of thiophenol at room temperature under an argon atmosphere. After 10 h, the reaction mixture was poured into brine, and the aqueous layer was extracted thoroughly with ethyl acetate (3ϫ). The combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (10% methanol in chloroform) yielded secondary amine 21 (787 mg, 97%) as a yellow oil. IR (CHCl 3 ) 63 (9H, s), 2.59-2.63 (4H, m), 3.28 (2H, m), 3.59 (2H, t, Jϭ7.3 8-tert-Butoxycarbonylamino-5-(2-nitrobenzenesulfonyl)-5-azaoctan-1-yl Bromide (24) To a stirred solution of 8.50 g (61.8 mmol) of potassium carbonate in 3.7 ml (30.9 mmol) of 1,4-dibromobutane was added the 1.60 g (6.18 mmol) of diamine 6 in 10 ml of DMF at 60°C under an argon atmosphere. After 30 min, the reaction mixture was poured into water, and the aqueous layer was extracted thoroughly with ether (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (30% ethyl acetate in hexane) yielded bromide 24 (2.47 N-(3-Allyloxycarbonylaminopropan-1-yl)-2-nitrobenzenesulfonamide (25) To a stirred solution of 1.99 g (7.68 mmol) of diamine 3 in 30 ml of dichloromethane were added 1.28 ml (9.22 mmol) of triethylamine and 0.97 ml (9.22 mmol) of allyl chloroformate at room temperature under an argon atmosphere. After 30 min, the reaction mixture was poured into a solution of 1 N hydrochloric acid, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (40% ethyl acetate in hexane) yielded diamine 25 (2.33 g, 89%) as a yellow powder. IR (CHCl 3 ): 3340, 3096, 2946, 2883,  1699, 1647, 1593, 1539, 1442, 1418, 1363, 1340, 1302, 1259, 1165 N-(12-Allyloxycarbonylamino-4,9-bis(2-nitrobenzenesulfonyl)-4,9-diazadodecan-1-yl)-tert-butoxycarbamide (26) To a stirred solution of 1.95 g (3.95 mmol) of bromide 24, 3.49 g (10.7 mmol) of cesium carbonate, and 133 mg (0.36 mmol) of n-tetrabutylammonium iodide in 5 ml of acetonitrile was added 1.12 g (3.29 mmol) of diamine 25 at 60°C under an argon atmosphere. After 1 h, the reaction mixture was poured into brine, and the aqueous layer was extracted thoroughly with ethyl acetate (3ϫ). The combined organic extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (60% ethyl acetate in hexane) yielded tetramine 26 (2.39 g, 97%) To a stirred solution of 2.02 g (3.00 mmol) of the above tetramine and 798 mg (3.60 mmol) of 2-nitrobenzenesulfonyl chloride in 20 ml of dichloromethane was added 0.50 ml (3.60 mmol) of triethylamine at 0°C under an argon atmosphere. After 30 min at room temperature, the reaction mixture was poured into a solution of 1 N hydrochloric acid, and the aqueous layer was extracted thoroughly with dichloromethane (3ϫ). The combined organic extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. Purification of the crude product by column chromatography on silica gel (50% ethyl acetate in hexane) yielded sulfonamide 27 (2.42 g, 94%) as a yellow solid. 
